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9 * NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



Petailed Description of the Invention] 

[0001] 

[The technical field to which invention belongs] this invention relates to the magnetoresi stance-effect 
head using the magnetoresi stance effect for reading an information signal in a magnetic medium. 
[0002] 

Pescription of the Prior Art] In connection with the densification of magnetic recording, the high 
sensitivity head for reproduction is called for and the magnetoresi stance-effect type head using the 
magnetoresistance effect (MR) is used as the reproducing head. As for the MR head carried in the 
present magnetic disk unit, the anisotropy magnetoresistance effect from which resistance changes 
depending on the angle of the direction of magnetization of a magnetic film and signal -detection current 
to make is used. In an MR head, the NiFe film is used for the portion (magnetic force sencor) from 
which an external magnetic field is sensed and resistance changes, and the magnetic-reluctance rate of 
change is about 3% at the maximum. Therefore, it is 2 several Gb/inch. If it becomes the high side 
recording density of a grade, a bird clapper is expected by the shortage of sensitivity and the MR head 
using this anisotropy magnetoresistance effect requires what shows a high sensitivity magnetic- 
reluctance change. 

[0003] It was reported that the huge magnetoresistance effect (GMR) is acquired in recent years using 
the antiferromagnetism-combination between ferromagnetics by the multilayer structure to which the 
laminating of a ferromagnetic and the nonmagnetic conductivity film was carried out by turns like 
Co/Cu, Fe/Cr, or NiFe/Cu. However, the saturation magnetic field required in order to obtain this 
magnetic-reluctance rate of change is difficult for being very as high as Number kOe and applying to an 
actual MR head. 

[0004] On the other hand, a nonmagnetic conductivity film separates a two-layer ferromagnetic, adjoin 
one ferromagnetic in an antiferromagnetism film, the direction of magnetization is made to fix, another 
ferromagnetic carries out flux reversal by the external magnetic field, and it is reported that a high 
magnetic-reluctance change is obtained with the angle which the mutual magnetization direction of a 
two-layer ferromagnetic makes (the U.S. application No. 62534 [ seven to ], December 11, 1990 
application). This is called spin bulb (simian virus) structure, is saturated with a comparatively small 
magnetic field, and attracts attention most as a magnetoresi stance-effect film for the magnetic heads of 
the next generation now, 

[0005] As an antiferromagnetism film used for a spin bulb film, the FeMn alloy and Mnir alloy which 
are generally the antiferromagnetism film of a desorder system are known. While a disorder system has 
advantages, like there is no need that thickness performs that a several nm switched connection magnetic 
field is acquired and heat treatment, since thermal resistance is bad, it has the problem that a switched 
connection magnetic field will change with the temperature rises in a film production process, low 
[ blocking temperature ]. 

[0006] On the other hand, the NiMn alloy which is the antiferromagnetism film of an order system given 
in JP,6-76247,A has blocking temperature as high as about 400 degrees C, and a stable and good 
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switched connection magnetic field is acquired by the temperature rise in a film production process. 
However, there are problems, like needing to be heat-treated of 240-260 degrees C for about ten hours 
for acquiring a switched connection magnetic field and thickness is thinly made only to 20nm. 
[0007] In JP,9-147325,A exhibited in June, 1997, the magnetoresi stance-effect type magnetic head 
which heat-treated using a PtMn alloy, a RhMn alloy, and an IrMn alloy as this antiferromagnetism film 
is indicated. By heat-treating the above-mentioned antiferromagnetism film, a diffusion layer is 
generated to an interface with a ferromagnetic, a switched connection magnetic field is high at high 
blocking temperature, and, moreover, this is the conventional order. -izing can be carried out [ thin film ] 
compared with the antiferromagnetism film of a system. 
[0008] 

[Problem(s) to be Solved by the Invention] As antiferromagnetism material applicable to the 
magnetoresistance-effect head for high sensitivity, the purpose of this invention is high blocking 
temperature highly, and moreover a switched connection magnetic field is excellent in the temperature 
characteristic, and is to offer the antiferromagnetism film which can carry out [ thin film ]-izing to 15nm 
or less. 
[0009] 

[Means for Solving the Problem] In the magnetoresistance-effect type head equipped with the 
ferromagnetic layer which the above-mentioned purpose presents the magnetoresistance effect, and the 
antiferromagnetism layer stuck to this ferromagnetic layer This antiferromagnetism layer consists of the 
1st and 2nd antiferromagnetism layer, the 1st antiferromagnetism layer which touches this ferromagnetic 
layer direcriy is used as the order system Mn alloy of 10-50A of thickness, and it is disorder of 30-lOOA 
of thickness about the 2nd antiferromagnetism layer. It can attain by considering as Mn alloy of a 
system. 

[0010] furthermore ~ this - Mn alloy of the 1st antiferromagnetism layer contains at least one or more 
sorts of Pt, nickel, Rh, Ru, Au, and Pd ~ this ~ Mn alloy of the 2nd antiferromagnetism layer can attain 
by at least one or more sorts of Pt, nickel, Ir, Rh, Ru, Co, Fe, and Pd being included moreover ~ this - 
making composition of Mn alloy of the 1st antiferromagnetism layer into Mn40 - 60at% - this - it can 
attain by making composition of Mn alloy of the 2nd antiferromagnetism layer into Mn50 - 95at% 
[0011] 

[Embodiments of the Invention] The example of this invention is shown below. 

[0012] (Example) The schematic diagram of the spin bulb film according to this invention is shown in 

drawing 1 . 

[0013] The magnetoresistance-effect film 10 of the spin bulb structure shown in drawing 1 consists of 
the 1st ferromagnetic 11, nonmagnetic conductivity film 12, 2nd ferromagnetic 13, and 
antiferromagnetism film 14. the magnetization within a field of the 1st ferromagnetic 1 1 and the 2nd 
ferromagnetic 13 is turned in the direction to which was mutual -resembled, was received in the state 
where the external magnetic field is not impressed, and it inclined 90 degrees Furthermore, as for the 
2nd ferromagnetic 13, magnetization is being fixed in the desirable direction with the 
antiferromagnetism film 14. By the magnetic field from a medium, it rotates freely, resistance change 
arises by that cause, and an output generates magnetization of the 1st ferromagnetic 1 1 . 
[0014] According to this invention, the antiferromagnetism film 14 is order. It consists of the 2nd 
antiferromagnetism film 16 which consists of the 1st antiferromagnetism film 15 and Mn alloy of a 
disorder system which consist of a Mn alloy of a system. Moreover, also let the above-mentioned 
magnetoresistance-effect films 10 be the antiferromagnetism film 14 / the 2nd ferromagnetic 13 / 
nonmagnetic conductivity film 12 / ferromagnetic 1 1 from a substrate side. [ 1st ] Furthermore, it is also 
possible to make both the 1st, and both [ one side or ] into the structure more than two-layer. [ the ] [ of 
a ferromagnetic ] 

[0015] One example of this invention using the spin bulb type magnetoresistance-effect film 10 is 
explained to drawing 2 . On a substrate 21 Ta5nm which is the ground film 22 for improving the 
stacking tendency of the magnetoresistance-effect film 10, NiFe5nm which is the 1st ferromagnetic 11, 
Co2nm, Cu2nm which is the nonmagnetic conductivity film 12, Co3nm which is the 2nd ferromagnetic 
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13, MnPt3nm which is the 1st antiferromagnetism film 15, Mnlr which is the 2nd antiferromagnetism 
film 16 - TaSnm which is a protective coat 24 further is formed one by one 6 nm, and patterning is 
carried out to a predetermined configuration The composition of 50Mn-50Pt (at%) and Mnlr of 
composition of MnPt at this time is 80Mn-20Ir (at%). 

[0016] Next, after forming the photoresist layer for lift offs, the laminating of the CoCrPt40nm which is 
a permanent magnet film is carried out, and the vertical bias impression layer 25 is formed. Next, 
Au0.2micrometer which is an electrode layer 26 After forming, the resist layer for lift offs is removed. 
Furthermore, impressing the magnetic field of IkOe to a medium opposite side and a perpendicular in a 
vacuum, it heat-treats at 230 degrees C for 4 hours, MnPt which is the 1st antiferromagnetism film 15 is 
turned order, and the GMR head of this invention is produced. 

[0017] Although MnPt was used as 1st antiferromagnetism film 15 of a spin bulb film in this example, it 
is not limited to especially this, and it is order. Mn-Xl alloy (Xl:nickel, Pd, Au, Rh, Ru) of a system can 
also be used. Furthermore, as 2nd antiferromagnetism film 16, although Mnlr was used, they are other 
disorder(s). Mn-X2 alloy (X2 :P t, nickel, Rh, Ru, Co, Fe, and Pd.) of a system can also be used. 
[0018] 
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[0019] Table 1 summarizes the thickness, the switched connection energy Ke and the blocking 
temperature Tb, and heat treatment temperature of an antiferromagnetism film of this invention. [ of a 
typical spin bulb film ] NiMn and PtMn typical by the order system for comparison, and disorder A 
system also doubles and shows the property of typical Mnlr and FeMn. A MnPt/MnIr cascade screen is 
order of the former [ heat treatment / for 0.25 erg/cm2 and Tb of Ke being large as compared with 320 
degrees C and disordre system material (Mnlr, FeMn), and acquiring these properties ]. As compared 
with system material (NiMn, PtMn), it is low enough. Furthermore, it turns out that-izing of the 
thickness can be carried out [ thin film ] to lOnm or less. The same was said of the cascade screen of 
other materials, and high blocking and the high switched connection magnetic field were acquired, and it 
turns out that thin-film-izing is possible. 

[0020] In the above-mentioned example, although the laminating of the magnetoresi stance-effect film 
10 was carried out to the order of the 1st ferromagnetic 1 1 / nonmagnetic conductivity film 12 / 2nd 
ferromagnetic 13 / 1st antiferromagnetism film 15 /2nd antiferromagnetism film 16 from the substrate 
side, it can also arrange from a substrate side conversely with the 2nd antiferromagnetism film 16 / 1st 
antiferromagnetism film 15 / the 2nd ferromagnetic 13 / nonmagnetic conductivity film 12 / 
ferromagnetic 11. [ 1st ] 

[0021] Moreover, although CoCrPt which is a permanent magnet film as a vertical bias impression layer 
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was used in this example, it is not limited to especially this. For example, it is also possible to use an 
antiferromagnetism film and it needs to form a ferromagnetic as a ground film in this case. In this case, 
since the 90 degrees of the magnetization directions of the antiferromagnetism film 14 for fixing 
magnetization of the 2nd ferromagnetic 13 and the antiferromagnetism film 25 used for the vertical bias 
impression layer lean to each other, it is necessary to use the material from which blocking temperature 
differs. 

[0022] At this time, the one where the switched connection magnetic field between the 2nd 
13/antiferromagnetism film 14 of ferromagnetics is larger than the switched connection magnetic field 
between the ferromagnetic / antiferromagnetism film of the vertical bias impression layer 25 is 
desirable. 

[0023] Furthermore, it is also possible to use for the dual structure head and TMR structure head dealing 

with high sensitivity. 

[0024] 

[Effect of the Invention] It sets on the magnetoresistance-effect type head equipped with the 
ferromagnetic layer which presents the magnetore si stance effect, and the antiferromagnetism layer stuck 
to it, and is the antiferromagnetism layer and disorder of an order system about an antiferromagnetism 
layer. By considering as a laminated structure with the antiferromagnetism layer of a system, and 
forming each thickness in 5nm or less and lOnm or less, the diverging ratio of a magnetoresistance- 
effect film goes up, and high resistance rate of change is obtained. Furthermore, blocking temperature is 
high as compared with film production process temperature or the rise temperature at the time of 
operation, and can offer a reliable high sensitivity magnetoresistance-effect type head. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The ferromagnetic layer which presents the magnetoresistance effect. The antiferromagnetism 
layer stuck to this ferromagnetic layer, order whose thickness of the 1st antiferromagnetism layer which 
touches this ferromagnetic layer directly by being the magnetoresi stance-effect type head equipped with 
the above, and this antiferromagnetism layer consisting of the 1st and 2nd antiferromagnetism layer is 
10-50A It consists of a system Mn alloy and is characterized by the bird clapper from Mn alloy of the 
disorder system whose thickness of the 2nd antiferromagnetism layer is 30-1 00 A. 
[Claim 2] this - the magnetoresi stance-effect type head according to claim 1 characterized by Mn alloy 
of the 1st antiferromagnetism layer containing at least one or more sorts of Pt, nickel, Rh, Ru, Au, and 
Pd 

[Claim 3] this ~ the magnetoresistance-efFect type head according to claim 1 characterized by Mn alloy 
of the 2nd antiferromagnetism layer containing at least one or more sorts of Pt, nickel, Ir, Rh, Ru, Co, 

Fe, and Pd 

[Claim 4] this - the claim 1 characterized by composition of Mn alloy of the 1st antiferromagnetism 
layer being Mn40 - 60at%, and a magnetoresi stance-effect type head given in two 
[Claim 5] this - the claim 1 characterized by composition of Mn alloy of the 2nd antiferromagnetism 
layer being Mn50 - 95at%, and a magnetoresistance-effect type head given in three 



[Translation done.] 
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